The occurrence of conflicting reports on the improvement of male reproductive function among humans fed diet containing the seed of Mucuna pruriens (MP) have raised a major concern in Nigeria. We assessed the effect of MP seed powder on the reproductive function in 32 adult male albino rats randomized to 4 groups of 8 rats each for 8 weeks. Group 1 (control) was given standard rat chow while groups 2, 3 and 4 were fed diets containing MP seed powder at 0.75 g, 1.5 g and 2.25 g respectively. Serum level of follicle stimulating hormone, testosterone, luteinizing hormone, oxidative stress markers in the testis, epididymal sperm quality and cytoarchitectural structure of the testis were monitored using standard methods. Significant improvements (p < 0.05) in the serum levels of all the hormones, testicular antioxidant defence, epididymal sperm quality without testicular degenerative changes were observed in group 2 compared to other groups. Oxidative stress, severe degenerative architectural lesions in the testis as well as significant reductions (p < 0.05) in epididymal sperm count, percentage motility and significant (p < 0.05) increased in abnormal sperm cells were observed in group 4. MP seed enhances reproductive function in male rats only at a dose level of 0.75g. A dose value higher than 0.75 g may be toxic to the male reproductive system.
Introduction
Male reproductive dysfunction, poor sexual performances and loss of libido are common public health disorders as well as a major health challenge among humans in many part of the world (Akinola et al., 2010) and this has been a major concern over the years. Exposures to environmental pollutants, consumption of conventional drug, among other factors, have been documented to induce these reproductive disorders (Olayemi, 2010) . Management or treatment of these reproductive dysfunctions in many developed nations involves the use of conventional drugs, which are expensive and may not be accessible and available to the poor in most developing nations. The high cost of these drugs has therefore, compelled humans in developing nations such as Nigeria to source for alternative drugs that are cheap, readily available and effective. One dominant alternative medicine for enhancing reproductive functions as well as treating other ailments in Nigeria is the use of medicinal plants by the herbal practitioners.
The use of herbal remedies in Nigeria is on the increase and several indigenous plants have been used in herbal formulations to cure diseases, sicknesses and heal injuries (Sofowora, 1993; Agboola, 1998) . One such major medicinal plant used by the herbal practitioners to remediate ailments in Nigeria is Mucuna pruriens, widely known as velvet bean and commonly referred to as 'werepe' among the Yoruba tribe in Nigeria. M. pruriens, which belongs to the family Fabaceae, is a tropical legume and native toIndia, the Caribbean and Africa. The plant is indigenous to and commonly found in South Western Nigeria. The plant has been screened for its phytochemical constituents and reported to be rich in alkaloids, tannins anthraquinones, saponins, flavonoids and cardiac glycosides (Vadivel and Janardhanan, 2000; Nebedum et al., 2010; Agbafor and Nwachukwu, 2011; Nwaoguikpe et al., 2011) making the various parts of the plant, including leaves, roots and seeds, to possess some medicinal properties (Agbafor and Nwachukwu, 2011; Nwaoguikpe et al., 2011) . The root and leave extracts of the plant have been used in the treatment of snake bite and cancer (Alo et al., 2012) . The seed of the plant has been reported to improve reproductive performances in male animal and humans due to its active compound L-3,4dihydroxyphenylalanine (L-DOPA) Shukla et al., 2009; Mutwedu et al., 2019) . In addition, antioxidant, anti-inflammatory, neuroprotective, antidiabetic, antiepileptic, antibacterial and cardioprotective properties of the plant have been demonstrated Majekodunmi et al., 2011; Uma and Gurumoorthi, 2013; Obogwu et al., 2014) . Of major interest is the reported use of the seed in the treatment of fertility related issue and improvement of fertility status among humans around the world.
In Nigeria, both the traditional herbal practitioners and the nonpractitioners are claiming that the consumption of the seed of M. pruriens can boost the sexual behavior in male subject. Although this claim has not been scientifically validated in Nigeria, but the increasing rate at which the seed is now being used in indigenous herbal formulations and consumed without measures necessitates the need to scientifically prove its credibility. Moreover, while most people are claiming the positive impact of the seed on their reproductive functions, some blatantly opposed this claim having observed its negative effects on their sexual performances and reproductive functions. This conflicting opinion on the aphrodisiac property of the seed in Nigeria has greatly attracted public attention and is now a major concern among the populace. It is also important to note that most reproductive studies conducted on the seed of M. pruriens in the male reproductive organ in other countries only focused on the semen quality Gupta et al., 2011; Mahajan et al., 2011; Suresh et al., 2013) , however, testing the reproductive function-enhancing property of a medicinal agent involves the assessment of reproductive hormones, testicular cytoarchitecture, sperm morphology and related biochemical profile in the male subject. Although Mutwedu et al. (2019) recently demonstrated positive effect of dietary meal supplemented with the seed of M. pruriens on sexual behavior, semen characteristics, and biochemical parameters in rabbit bucks (Oryctolagus cuniculus), but additional knowledge of this is required in Nigeria.
In order to scientifically confirm the reproductive function-enhancing potential of the seed of M. pruriens in Nigeria and suggest a preliminary regulatory dose limit, we designed this study to evaluate the level of some reproductive hormones, semen quality (morphology, count, motility), oxidative stress parameters in the testes and testicular cytoarchitecture in male albino rats fed diets containing graded dose of M. pruriens seed powder.
Materials and methods

Seed collection and preparation
The seeds of M. pruriens var. cochichennensis were obtained from a botanical garden in Egbe community, Kogi state, Nigeria and properly dehulled and identified at the Department of Plant Science, Olabisi Onabanjo University. The de-hulled seeds (Fig. 1) were air dried and ground into powder with a Moltinex electric blender and later screened for its phytochemical and proximate compositions.
Experimental animal
Thirty-two (32) adult male albino rats (115 AE 5 g) were used for this study. Rat's acclimatization was done under a standard laboratory condition (25 AE 5 C; 65 AE 5% Relative Humidity) for a week before the commencement of actual study. The rats were individually housed in wooden cages with a dimension of 45 cm Â 30 cm Â 40 cm. Each cell of the wooden cages has strong iron base in square shape, with a flat metallic container placed beneath each cell to collect the droppings of each rat. The rats were fed with standard laboratory rat chow and clean drinking water ad libitum during this acclimatization stage. We conducted the experimental protocol according to the regulations of the local ethics committee in animal care unit of our university (OOUACU/RAT/2018/ 0013) and ethical guidelines of animal experimentation (regulation CEE 86/609) were followed.
Experimental design
The rats were randomized into four experimental groups (groups 1, 2, 3 and 4) with eight rats per group. Individual rat in group 1 was fed standard laboratory rat chow (control) at 12 % of their body weight while rats in groups 2, 3 and 4 were individually fed the rat chow containing 0.75g (equivalent to I seed) 1.5 g (equivalent to 2 seeds) and 2.25 g (equivalent to 3 seeds) of MP seed powder respectively at 12 % of their body weight (Vanderlip, 2001; Taylor, 2002) . The quantity of food given was measured and readjusted every 5 days in accordance with body weight increase. However, clean drinking water was supplied to all the rats ad libitum and the whole experimental exercise lasted for 8 weeks. The rats were well nourished and show no sign of being malnourished or mortality throughout the feeding regime. At the end of the feeding trial, the rats in each treatment group were sacrificed and blood sample, epididymal sperm cells and testis were collected for laboratory analysis.
Sample collections
Blood samples were collected between the hours of 8:00 a.m. and 10:00 a.m. into a plain sample tubes by retro orbital sinus with micro haematocrit tube. The blood samples were centrifuged at 2500 rpm for 10 min to obtain serum samples within an hour after the blood collection. The sera obtained were later stored at -20 C till assayed for hormonal profile. The rats were sacrificed by cervical dislocation and the excised testes were rinsed in saline solution. Caudal epididymis (free of fats, vas deferens and other tissue) from each side of the testis of the rats were dissected out into 10 mL of 0.87% warmed normal saline and slightly teased to release the sperm cells (Wyrobek et al., 1984; Bakare et al., 2005; Hassan and Barakat, 2008; Owagboriaye et al., 2017) . The sperm cells were dropped on grease-free clean slides to determine their movement and swimming ability (motility) using microscope Parts of the excised testes were used for antioxidant assay while the remaining parts were subjected to histopathological examination.
Phytochemical screening and proximate analysis
The seed was screened for its alkaloids, anthra-quinone glycosides, cardiac glycosides, flavonoids, saponins, phenols and tannins contents (Table 1 ) using the standard protocols described by Harborne (1973) ; Sofowora (1993) ; Trease and Evans (1989) . We adopted the standard method of the Association of Official Analytical Chemists (AOAC, 2005) to determine the proximate compositions of the seed for moisture, ash and nitrogen free extract (NFE) contents. Crude protein, fibre and fat contents of the seed (Table 2) were determined according to the method of Pearson (1976) .
Hormonal assay
Serum samples obtained were analysed with commercially available Enzyme-Linked Immunosorbent Assay (ELISA) kit for testosterone, follicle stimulating hormone (FSH) (Enzo life sciences, PA) and luteinizing hormone (LH) (Eagle Biosciences Inc., Nashua). The sensitivity of testosterone and FSH assay was 0.09 ng/mL and 0.0017 ng/mL respectively and detection range was 0.01-15 ng/mL and 0.02-19 ng/mL, respectively. The limit of detection of LH assay was 0.04 ng/mL and detection range of 0.06-16 was observed. The protocols and procedures used for the assay were as described by the manufacturer.
Assessment of oxidative stress indices in the testis of the rats
The concentration of reduced glutathione (GSH) was determined using the method of Ellman (1959) . GSH concentration expressed as Unit/g tissue. Lipid peroxidation (MDA) was estimated as thiobarbituric acid reactive substance (TBARS) according to the method of Okhawa et al. (1979) . Catalase (CAT) activity was evaluated according to the method described by Sinha (1972) . The enzymatic activity was measured in mmol/min/mg protein. Meanwhile, the activities of superoxide dismutase (SOD) and glutathione peroxidase (GPx) were determined using the Cayman assay kit as described by the manufacturer.
Sperm quality assessment
The sperm quality of the rats was examined by counting the sperm cells, determining percentage sperm motility and carrying out the morphological assessment of the sperm. The movement and swimming ability of sperm (motility) was determined using microscope and the sperm cells were counted using haemocytometer (Hassan and Barakat, 2008) .
The percentage motility of the sperm cells was determined using the expression:
% motility ¼ number of sperm cells with progressive movements 200 Â 100% Sperm morphology assay was according to Bakare et al. (2005) . Epididymal sperm cells were suspended in normal saline and 1% Eosin Y stain. The smear was prepared and the slides were allowed to air-dried and coded for subsequent microscopic examination at Â1000 magnification.1000 sperm cells were assessed for morphological abnormalities for each rat.
Histopathological examination of the testis
The histological examination of rat's testis was according to our previous study (Owagboriaye et al., 2017) . The testicular tissue of each rat was fixed in Bouin's fluid for 48 h and routinely processed for paraffin embedding. The embedded tissues were subjected to serial sectioning of 4μm thickness using a Rotary Microtome and later, processed in alcohol-xylene series and were stained with hematoxylin and eosin (H & E). The prepared slides were examined at Â400 magnifications.
Statistical analysis
All the data were presented as the Mean þ Standard Deviation (SD). Statistical analyses for all measurements were performed using Statistical package for Social Sciences (SPSS) version 20.0 (IBM Corp., 2011). The mean, standard error of the mean, and analysis of variance were conducted. Post hoc test was performed using the Student-Newman-Keuls. P < 0.05 was considered to be statistically significant.
Results
Serum level of reproductive hormones in experimental rat
Testosterone, luteinizing hormone and follicle stimulating hormone levels in the male experimental rats daily fed M. pruriens seed dietary meal were observed to significantly reduce (p < 0.05) with increase in the number of M. pruriens seed fed (Fig. 2) . Similarly, the level of these hormones in the experimental rats followed similar trend. They were significantly higher in the rats in group 2 which received 0.75g dietary seed powder (1 seed equivalent) of M. pruriens daily. There was however no significant difference (p > 0.05) in the level of these hormones recorded in rats in group 3 compared to control group. Rats in group 4 had significantly lower levels of the reproductive hormones.
Oxidative stress markers in the testis of rats fed graded quantity of MucunaPruriens seed meal diet
The levels of some antioxidant enzymes in the testis of the experimental rats are shown in Table 3 . Activities of CAT and GPx were significantly higher (p < 0.05) in the rats in group 3 compared to control group. There were no significant different (p > 0.05) in the enzyme activities in group 2 and control group. Rats in group 4 however had the lowest activities of CAT and GPx. On the other hand, activity of SOD and concentration of GSH were not significantly different between rats in group 2 and 3 compared to control. Activity of SOD and GSH concentration were however significantly lower in the rats in group 4. Lipid peroxidation was significantly higher (p < 0.05) in the testis of rats in group 4. There was however no significant difference (p > 0.05) in the level of lipid peroxidation observed in the testis of the rats between group 2 and 3 compared to control.
Sperm motility and sperm count
The sperm count and percentage motility in the experimental rats were significantly higher (p < 0.05) in the rats in group 2 compared to control (Fig. 3 ). This was followed by those in group 3 and the control group. Sperm motility and sperm count were however lowest in the rats in group 4.
Sperm morphological assessment
Sperm morphological parameters such as bent tail, sperms without head, sperms with damaged head, bent body, sperms without hook, banana shaped sperm, sperms without tail, total abnormality and percentage abnormality of the experimental rats are shown in Figs. 4, 5, 6, and 7 and Table 4 . These sperm morphological parameters were significantly higher (p < 0.05) in the rats in group 4 compared to other experimental groups and the control. The numbers of sperms with bent tails were not significantly different (p > 0.05) between rats in group 2 and 3 compared to control group 1. In addition, sperms without head, damaged head, bent body, sperms without hook, banana shaped sperm and percentage sperm abnormality were significantly lower in group 2 and the control group. No sperm without tail was recorded in rats in group 2. Fig. 2 . Level of testosterone (ng/ml), luteinizing hormone (mlu/ml) and follicle stimulating hormone (mlu/ml) in male rats fed Mucuna pruriens seed dietary meal for 8 weeks. Mean having similar alphabets are not significantly different at p < 0.05 Group 1 ¼ rats fed diet without Mp (control); Group 2 ¼ rats fed diet containing 0.75g Mp; Group 3 ¼ rats fed diet containing 1.5g Mp; Group 4 ¼ rats fed diet containing 2.25g Mp.
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Histopathological assessment of the testis
The photomicrographs of the histopathology of testis of rats fed Mucuna pruriens seeds dietary meal are shown in Fig. 8 . Control group and group 2 revealed the normal cellular architectural structure of the tissues. Necrotic tissue was observed in testicular tissue of rats in group 3 while degenerative lesions such as depleted amount in the generation of sperm cells, interstitial cells and enlargement of seminiferous tubule were observed in the testis of rats in group 4.
Discussion
The serum concentrations of testosterone, LH and FSH in rats in group 2 were observed to increase when compared to other experimental groups. These hormones have been reported to play a major role in the improvement of reproductive function in male reproductive system (Zitzmann, 2008; Nithya and Elango, 2015) . Seed of M. pruriens is known to contain L-DOPA as its active substance which improves male reproductive function in animal (Misra and Wagner, 2007) . In addition, studies have shown that L-DOPA stimulates the secretion of gonadotropin releasing hormone (GnRH), which in turn, stimulates the secretion of FSH and LH from the anterior portion of pituitary gland (Vermes et al., 1979; Singh et al., 2013) .
Elevated serum levels of FSH and LH stimulate spermatogenesis processes through testosterone production. Therefore, it could be that concentration of L-DOPA in M. pruriens at 0.75 g (which is equivalent to 1 seed) is sufficient enough to stimulate the secretion of GnRH from the hypothalamus, thereby, resulted to higher serum levels of testosterone, LH and FSH as observed in this study. In addition, the higher levels of these reproductive hormones observed among rats in group 2 could also be attributed to the level of flavonoids, saponins, and tannins present in M. pruriens seeds at a dose level of 0.75 g Mutwedu et al., 2019) . These compounds have been documented to increase testosterone level through hypothalamo-pituitary-testicular axis stimulation in animals (Ahangarpour et al., 2013) and similar mechanism is reasonably suggested in this study. However, the L-DOPA and phenolic contents of the seed at 2.25 g (equivalent to 3 seeds) might have been too strong for, and as such, toxic to the proper functioning of the hypothalamic-pituitary axis. This may explain the observed reductions in the levels of these hormones in rats in group 4. Although the M. pruriens seed used in this study was not analysed for its L-DOPA contents, we suggest additional study looking into this area. Our finding partly agrees with Sahin et al. (2016) who observed improved secretion of testosterone level in rat treated with the seed of M. pruriens, but no changes in their serum levels of FSH and LH. Meanwhile, the seed was noted to increase the levels of testosterone and LH and decrease the level of FSH in infertile men Shukla et al., 2008 Shukla et al., , 2009 ). An imbalance between productions of free radicals or reactive oxygen species (ROS) is known to result into oxidative stress which lead to damage to lipids (lipid peroxidation), proteins, carbohydrates and nucleic acids and this has been identified as a major factor contributing to poor sexual performances among male humans (Agarwal and Said, 2005; Agarwal et al., 2008) . The vital role of antioxidant defense, which focused on the protection of cells by scavenging the free radicals produced through oxidation in the body, has been reported (Pastore et al., 2003) . The increase in the activities of antioxidant enzymes (CAT, SOD GPx) and GSH in the testes of rats in group 2 may indicate the antioxidant potential of M. pruriens seed to neutralize the toxic effect of ROS which are naturally formed from metabolic processes in animal cells. Flavonoids and tannins contents of the seed have been recognized as the major phenolic compound that act as primary antioxidant to scavenge free radicals or ROS (Potterat, 1997) . In a similar trend, the antioxidant property of L-DOPA has been demonstrated (Gulcin, 2007) . Hence, the antioxidant function of the seed in the testes of the rats observed in this study could be reasonably attributed to the identified phytochemical and L-DOPA contents of the seed at 0.75 g. However, this seed at higher quantity (2.25 g or 3 seeds) would have induced production of ROS by depleting the activities CAT, SOD GPx and GSH concentration in the testes of the rats, consequently resultedto the peroxidation of polyunsaturated fatty acids which led to the formation of MDA and lipid peroxidation.
The observed increase in the sperm count and percentage motility among rats in group 2 may directly results from the elevated levels of their reproductive hormones such as testosterone which promotes the process of spermatogenesis. A report by Mylchreest et al. (2002) has associated increased in epididymal sperm number to elevated level of serum level of testosterone in rats. In addition, the increase in sperm count observed in this group might be as a result of the increase in their testisticular antioxidant defense which could have suppressed oxidative stress, sperm cell apoptosis in the testis and enhanced epididymal sperm maturation Shukla et al., 2008) . In addition, the observed increase in sperm count and percentage motility in this group could be due to the level of protein content in M. pruriens seeds consumed by the rats as earlier documented by Suresh et al. (2009) . Meanwhile, the impact of quality food with high protein content in enhancing semen quality was reported by Oyeyemi and Okediran (2007) and recently confirmed by Mutwedu et al. (2019) . On the other hand, the seed at 2.25 g (3 seeds) might have induced sperm cell apoptosis in the testis of rats in group 4 due to a possible occurrence of oxidative stress as evidenced by the reductions in antioxidant defense parameters and induction of lipid peroxidation in their testis. Moreover, oxidative stress is known to affect sperm motility by causing an alteration in axoneme structure and consequently, leads to the sperm abnormality (Syntin and Robaire, 2001) as well as reduction in sperm motility (Giorgio et al., 2007) . This may also explain the observed higher number of primary sperm abnormality (abnormal tail and head) and secondary abnormality (bent body, banana shape, bent tail, without hook) in group 4. In addition, an abnormal chromosome (Bruce et al., 1974) , minor alterations in testicular DNA (Giri et al., 2002) or point mutation (Narayana et al., 2002) have been documented to induce abnormal sperm cells in animal. We can thus suggest here that during spermatogenesis, M. pruriens seed at dose level of 2.25 g could be interacting with the genetic material in the testes of the rats which can consequently lead to abnormal sperm cells. We also recommend additional studies testing the impact of consuming graded dose of M. pruriens seed powder on the genetic material of animal.
The observed degenerative lesions characterised by depletion in the amount of generation of sperm cells, interstitial cells and enlargement of seminiferous tubule in the testis of rats in group 4 are evidence of the toxicity of the seed at dose level of 2.25 g to the male reproductive system. Meanwhile, the interference of a toxic substance with spermatogenesis process has been reported to induce degenerative changes in the seminiferous tubule and interstitial cells in the testis of rats (Thakur et al., 2014) . It is therefore possible for the seed at 2.25 g (3 seeds) to have directly interfered with the process of spermatogenesis in the testes of the rats in group 4 and this could probably be a pre-requisite for the observed abnormal sperm morphology produced by the damaged testes. Table 4 Sperm morphological assessment of rats fed with Mucuna pruriens seed meal for 8 weeks.
Morphological parameter
Seeds of Mucuna pruriens 
Conclusion
We have shown in this study that M. pruriens seed powder is a potent antioxidant assgent and also has the capacity to enhance reproductive function in male albino rat due to its higher phenolic content. The seed powder may improve male reproductive function by elevating the serum levels of testosterone, FSH and LH in animal. It is further revealed here that M. pruriens seed powder maintains and improves the semen quality and testicular cytoarchitectural integrity of the rats. This property of the seed was noted to be valid only at a dose level of 0.75 g which is equivalent to the weight of a single seed consumed. However, a dose value higher than 0.75 g, especially at 2.25 g which is equivalent to the weight of 3 seeds, appeared to be toxic to the male reproductive system through the induction of oxidative stress in the testis of the animal. Although several studies have reported the reproductive function-enhancing potential of M. pruriens seed in other countries, to the best of our knowledge, this is the first study to consider a graded dose (1 seed, 2 seeds and 3 seeds) of the seed in male subject in Nigeria. This finding is of great importance considering the rate at which M. pruriens seed is being used in herbal formulations and consumed without regulation and with a view of enhancing reproductive performance among humans in Nigeria. Considering the findings of this study, we recommend urgent need for additional study to evaluate the impact of M. pruriens seed on food palatability and the relative body weight of animals in order to buttress our understanding on the reproductive function assessment of the seed. In addition, there is need to provide an appropriate dose of M. pruriens seed per kilogram of human body weight in order to prevent a potential reproductive toxicity of the seed that may result through excessive consumptions.
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